Ethics is one of the most important competencies required of today's engineering graduates. All attempts towards developing that competency constitute, at best, conducting scenario and active learning-based courses and, at worst, delivering passive lectures. There is little chance of developing ethics with these methods. One must follow a systemic cycle of measures to build any such competency. Further, the measurement must be based on real-life situations with real stakes, especially for ethics, which is not easy. In fact, this is one of the most difficult competencies from both measurement and development perspectives.
I. INTRODUCTION
Ethics appear hard to define. We have found that researchers either do not venture to define it or define it inconsistently. We propose using the Oxford dictionary definition with a slight modification: Ethics is moral principles that govern behavior while one is conducting an activity. Ethics is influenced by many stakeholders, such as parents, society, culture and the government, and is too nebulous to measure. There are terms such as ethical make-up, ethical behavior, and ethical action. Ethical make-up connotes a part of personality and indicates having ethical influence in all the dealings and action, ethical behavior is an aggregation of ethical actions, which is singular in nature.
There has been a hue and cry about ethics at the macro level due to unprecedented fraud in high places in both private and public sectors and at micro level due to unacceptable behavior of individuals. In today's world, engineers are at such a vantage point that they can perpetrate such frauds, or at least be aware of them. If such fraudulent activities are happening anywhere in the organization, the engineers again are at a vantage point to prevent them. Educating engineers who can eschew the unethical and embrace ethical behavior is, therefore, an important and a formidable job. The difficulties are many-fold. It is not easy to detect-leave aside measure-the ethical make-up students. Ethics are so fundamental as they are formulated at home right from childhood. Then, societal factors have their own share of the influence. So, in some sense, the enemy of ethical behavior is massive in nature and yet somewhat invisible.
We of course cannot live with this menace. Engineering educators have been exploring various possibilities of tackling it. There have been interventions like traditional and scenario-based courses. They don't seem to be helping much, though. Then there are efforts to measure ethical behavior based on self-assessment with regards to students' actions in examination or participation in service projects. The former has a flaw in the sense that we may be asking an unethical person to state that he is unethical, which is unlikely to happen. The latter efforts appear to be in early stages and do not prove unethical behavior in a decisive way.
We have come up with a method that can provide an early indication of unethical behavior of students based on peer evaluation using constant sum scale in team and project-based learning. That is the main contribution of the paper. We illustrate its usage on a cohort and analyze the findings. While the study has been done on many cohorts in a college, the paper analyzes only one cohort. Going forward, we have to analyze all the cohorts and carry out experiments in different geographical/ cultural settings. We are working at the intersection of engineering and human sciences. We require studying human sciences literature to confirm/refine our analysis and develop pertinent interventions. The next section covers literature surveys of the area, which are then followed by the description of the experiment. The paper ends with the presentation of results, analysis and concluding remarks.
II. LITERATURE SURVEY ABET (Accreditation Board for Engineering and Technology) insists on outcome-based education. Among many, there are outcomes like the ability to design a system, component, or process to meet desired needs within realistic constraints-such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability-and an understanding of professional and ethical responsibility. 1 The National Academy of Engineering 2 has identified characteristics of future engineers that include principles of business and management and ethics. Bucciarelli 3 has concerns about the way ABET's recommendation on educating students on ethics has been implemented. He argues that ethics should be more of a program than a course. It is a part of "the fundamentals" and not taking care of it is "just about unethical," he concludes.
Ethics is a very broad term and includes, at one end, unethical behavior, such as theft, corruption, abuse of resources, deception and avoiding whistle blowing, 4 and, at the other end, neo-humanist behaviors, such as encouraging participation; improving the general conditions of work; quality of work-life improvements; producing systems that are technically efficient and have social characteristics, which lead to high job satisfaction and follow the socio-technical philosophy of trying for joint optimization, and making the best use of people and the best use of technology. 5 It is a tough challenge to inculcate the ethical behavior in the minds of engineering students.
A decision depends on being able to acquire the right information, being able to use the right process to use that information to arrive at the decision and then being able to act according to the decision. When a professional behaves in an unethical way, technically it could be because of mistakes in any of the three stages. While a competent and qualified engineer is not supposed to make mistakes in the first two stages, it cannot be guaranteed in all situations. The actual unethical influence on the decision also depends on circumstances like the possibility of being discovered by the authorities and the stakes involved. If an engineer knows that his unethical action might be detected by competent authorities, he would be cautious and not take that action. If the stakes are high, one may be lured into making unethical choices. This increases the complexity of measuring and developing competency of ethics.
The first part of the challenge is devising a measurement instrument. Carpenter et al., 6 have established linkages between unethical behavior by professional engineers with their behavior during their student days in terms of academic assessment. Based on that, Harding et al., 7 have used a Theory of Planned Behavior (TPB) model and come up with an instrument to measure ethical behavior. The instrument asks students to self-assess their cheating behavior in the examinations on the Likert scale. Holsapple et al., 8 have taken a view that ethical behavior not only includes avoiding unethical behavior but also requires proactive engagement in ethical behavior, and are developing an instrument based on students' participation in service activities. Burt et al., 9 have explored outcomes of engineering students participating in co-curricular experiences at four undergraduate focused institutions in the ethics space and found that the students having co-curricular experiences exhibit greater leadership skills, are more thoughtful about their ethical decisions, and can articulate how involvement influences their ethical development.
We are proposing an instrument based on peer evaluation in the TBL-PBL instructional strategy that uses the constant sum scale. We have used this with the teams of around 5-6 students. Each of them is given 10 marks to be distributed among the team members including themselves based on quality and quantity of contribution to the team project. We hypothesize that the variation between the marks assigned to oneself and assigned by the rest of the team provides a quantitative indication of the ethical behavior of students.
III. EXPERIMENT
Our study introduces an instrument that may be able to help in assessing ethical behavior of students and design interventions to develop the ethics competency. The overall research design is explained in the sections below.
A. Objective, scope and type We have witnessed many scandals and corruptions in large corporations and government organizations over the past several years. 4 Some of them had engineering brains behind them, while for some others the engineers were or might have been in connivance. Diego Gambetta and Steffen Hertog 10 point to an intriguing correlation between engineering and terrorism. While the study points out that this correlation appears to be less of a phenomenon in developed countries and it could be a result of deprivation and frustrated expectations in the developing world, we cannot seek solace from that for many reasons. We live in a global village, and an event in a far corner of the world can impact the whole globe. Further, the developed world has seen many scandals that could be prevented by proper education of engineers, who include information technology professionals. And it is very important that the citizens of the world accept neo-humanism and not have a parochial view. It is important to identify traces of unethical behavior as early as possible and take appropriate corrective actions before they become monsters.
The experiment proposes a method that can help identify potentially unethical personalities. We ran the experiment on a junior course in software engineering with the help of a project-and team-based learning instructional strategy. Each student was asked to submit a creative idea for a real-life software application. They were also instructed to identify sponsors-from business organizations-who would deploy the application. Based on the creativity of the idea and credibility of having a real sponsor, we selected some projects and identified the idea owners as the customers. We then announced these projects to the entire class. We formed teams of 5 -6 engineers randomly and asked them to send proposals in a standard format to the "customers." Every team was supposed to send three proposals. The customer then evaluated the proposals using a standard format and allocated them to the team of their choice. At the end of the course, customer performance was evaluated by the teams and contributed 25 % to their grades, along with the provision of another 25% as bonus. In this way, we tried to emulate the real-life environment. And then, at the end of the course, the faculty evaluated all the projects and used a constant sum-scale-based peer evaluation process to assess performance of all the students. Our research is descriptive, cross sectional, and field-setting.
B. Selection of instruments
This is a critical step as it maps research problems to the mathematical domain. There are a few reported studies on measuring ethical actions and that, as described in the literature survey, use selfassessment regarding their cheating in examination or participation in service projects. Since both have limitations, we have proposed a constant sum scale based peer evaluation instrument.
C. Sampling
Our sample consisted of 80 junior undergraduate students of the Software Engineering course (N ¼ 80). While most of them were admitted to the four-year Undergraduate (UG) engineering program after twelve years schooling, a few of them (12) had lateral entries in the second year of the program after ten years of schooling followed by three years of an engineering diploma. While the college is considered to be the best in the state and attracts bright students, there was noticeable variation in the performance of the students in the entrance tests and in their previous engineering courses. Their social and geographical background also reflected a significant variety.
D. Result
The cohort had 83 students and 3 did not appear for the examination making the total sample size 80. The following table (Table 1) provides data for them. The table contains marks given by students themselves and their teammates and percentage variation in them. The following table (Table 2) analyzes the variation. Nine students rated themselves less than what their teams rated by more than 1%. They are likely to be ethical and sometimes defensive. Twenty-seven students rated themselves almost exactly as their teams rated (þ/21%). That included a team that gave equal marks to everybody. They are likely to be ethical and good team players. Forty four students rated themselves higher than their teams by more than 1%. Out of them, eight had a difference of rating of 10%.
The following table (Table 3) shows further analysis of those eight students who had rated them significantly higher than their teams. They are likely to be unethical. Out of them, 4 were rated highest by the team. They thought that they are much higher than the highest rating. They may be superior but may have difficulty leveraging that superiority in becoming effective leaders. Looking at it from another perspective, there were 15 teams, and the highest of the other 11 teams did not rate themselves so much differently than the other teams. One of the eight was rated lowest by the team. It can either be a case of his team ganging up against him or he being unethical. He may have difficulty in becoming an effective team member. Three of the eight were in the middle and perhaps are very likely to be unethical.
IV. CONCLUDING REMARKS
The engineering profession is a mainstay of modern life and ethical practice in that it is very critical. The current trends are worrisome and require quick correction. Further, ethics is such an intricate and difficult-to-change characteristic, it will require considerable time and efforts to bring in the changes. So, one may take corrective measures to tackle the immediate fallouts of unethical behavior and preventive measures to ensure smoother modern life later.
The paper makes an initial attempt to measure the ethical behavior of students using constant sum scale based peer evaluation in team and project-based instructional strategy. A decision involves stages like information, process and final action. A wrong decision can be due to a mistake in any of the three stages and its exact source cannot be ascertained. We, therefore, have to perform such assessment in a number of courses to reduce possibility of wrong decisions in the first two stages. The instrument and its usage have to happen in diverse cultural setting and have to be validated by experts from the human sciences field. While more research and direct assessment of the ethical behavior is needed to be able to draw definitive conclusions, the approach seems to be worth exploring. Table 3 . Analysis of students with high variation (among variation of more than 10%, 4 of the students were rated highest by the team, and 1 lowest). 
